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Antibody to carbohydrate and polypeptide epitopes on the
surface of schistogomula of Schistosema mansoni in
Egyptian patients with acute and chronic schistosomiasis
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SUMMARY

3. Sckisiuema sonv schesmsocular surisce anz:poms wese d wxch herman antihodies from inds-
‘Mfammdnmd-baga&rxwyumdc«d-ds—n— Bt sets of pasiencs
ere L pvr M, > 20, 38 and 32K ancipens.
H pctation of the 3, >mh‘mmh“mmawmwm
dﬁtbﬁlmm-ﬂmm&n-ﬁdﬂu:mmjl Nadl’l\m-mmmnﬂy
peecipizaced by the acuce sera thas the chromac sera but the prop of the yoeal o that these
w-nMthw&dﬁhﬂ&hm:&ncmdmlm«m-ﬁw
mw-ﬁmdaa-mm-mumm”mmmuu
4 that the M, > MOK antipen was the pandipal tarzet of c2z-cross-reactsve anki-
mdmaﬂoeym&mmmu 38 and 32K 2ntizens were found to be precipitazed by
Mw&mm:m&‘mm-uhm-
mrmmw‘mlﬁzwmam ibet mr{am n
wxmﬁmmwnmln&d&md:hﬁnwd react: i-carbohy i

angibody directed azaimt schistosorautum surfice epiiopes m an acute scrum pool hmmacbrun:nmpml-:s
schistosomula,

oafirraed by meastirernent of zntibod ; bindiog 1o whole

Key words: Schis

INTRODUCTION

Extensive analysss of Schistosoma mansoni schusto~
somulum sutface secognition by murine 1gG has

mawses, schi 13, actipens, human aninera, carbehydrate epitopes. polipeptide epitopes

i ta alih

from zh 1t has rot
been demonstrated whether these are expressed on
thesurface (Dunnc ¢1 al. 198S). Nevertheless, Dunnc

et al. (1988) found that there was a correlation

dtuodi sets of pes. Morethan  bet the levels of antibody to carbohydrate
90°, of such epitopes are sodmm d. P d from the schi: lum and the
sensitive czrbohydrate structures which cross-react . ez and a 1 between bodies to non-

with the parasite egg, A smaller percentaze are non-
carbohydrate structures that do not cross-react with

catbohydrate cpitopes extracted from the schisto
somulum and the adult worm. These ob<ervations

the egn (see Kelly (1987) for review). Epitopes of
both types have been shown to be the target of

e munne ibodies and are
lhm potential targets of protective immune re-
sponses (Omer Al et al. 1988). Immunoprecipitation
cxpeniments hate identified sch tum surface

are with the beang shated be-
tucen the respectne hfe-cycle stages and suagest
that sinular surface epitopes may be recogmized by
human and murine antibodics.

In order to test this possibility the specificsties of

antigens of M, > 200, 38 and 17K whxh express
epg-cross-reactive carbohydrate epitopes and ants-
gens of M, 38, 32 and 20K which express non.
carbohydrate epitopes (Omer Al ¢1 al. 1988).
Human anﬂ)odlcs have been shown to immuno-

lum susface of simi-
hr \I 1o those r«ogmud by mice (Simpson rl al,
1986). Furth has been d d 1n

the sera of Kenyan children infected with S, mansom
to both carbohy drate and non-carbohy drate epstopes

1 Repnint requests to Dr A J. G. Simpson

Parasusslogy (1959). 93, 417424 Pristed v Great Bntam

ti-sch lum surface IgG bodies 1n the
scra of Egyptian patients infected with S. mansom
have been examined Serum was taken from both
acutcly and chronically infected indiniduals Acute
schistosomianis typically occurs 1-2 months after
mtial exposure to imeected water and 1s duagnosed on
the banis of fever, philia, stool
and fory (sce von lLachtenb: 1987) Com-
panson of the immune responses of such patients
with those known to have been infected for several
years enables catly and persistent responses to be
differentiated. It was considered that such analysis
may be of value sn determiming responses likely to
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(Bc::n\mﬂh& Hipn, 193‘).

MATERIALS AND METHODS
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presein G (Porstorp Bwlrtaa) o detecx boemd
aztibody. Radio-sotope kbelling was endertzken
useaz Jodogen (Fraker & Speck, 1978), rosukiing :n a
specific activity of 1-$x10° cpmfpz.
Schizosomula werre surface hbelled using Jodo-
2en and 2. abelled 2itizens (1-2x10% cpm) pre-
cipitzted with 2 1/10 dikgion of antibody and
protein-A Sq!nmse (th:mxu) (Kn‘.dn o nl

phs were scan-

Porasites 1954). Electroph

APnrnoRncnmdS msmzumdm 12:5°, SDS—pdyxtvlzmegvk-brh-mm
2nd Bivespkalaria glab ::t. National wmmwwwm For

Tastitute for Medscal R 3 ond P '

m:hﬁud).&hhmwh-mprmtdby mdmzajoytal»bddcmmrraﬂddx
P P 500 of e and in of indivsdual band. 1

bation for 3h 21 37°C in Ezle’s salis plus lac-
albumin hydrolysate (Remalho-Pinto of of. 1974).

Antizera

Al buman sera were collected from patients ad-
mitted 10 the FUO ward of the U.S. Naval Medical

d as a per-
centage of the total precipitation. The significance of
the variztion of the relative intensity of individual
bands between the acute 2nd chronic sera was
cakulated using Stedent’s £ 1ot

Depletior: of sera by absorption tith adult toorm and
2z homaz

Resezrch Unit No. 3 in the Abbassia Feser Hospital,
Cairo, in 1983-86. All sera were stored at —20°C
priot ta serolozical analysis. None of the patients had
been previowsly treated for schistosomiasis.
‘Twclve sera were collected from patients who had
been dizznosed as suffering from acute schisto-
somiasis. These patients were ali toan duellers who

Adult worms 2nd exzs were homogenized in phos-
phate.buffered saline, pH 74 (PBS) containing
10 mys dh\lcntdnmmﬂamnc acid (EDT:\) to
Rire 3 susp 10 mzy
ml of protein. The bomo"em(cs were dmdcd into
three parts. The first was digested with 100 gg/ml

were exposed briefly for the first time to infected
\llc water. Egrs of S. mmm were found in all
lthouzh d szo0l or

of protei K (the ion being stopped by the
addition of pheny Imethy lsulphony ! fluonde 2t a final
of 5 mm), and then boiled for 1 h. The

rectal snip were required to find the eazs in some
cases. The patients ranged in age between 5 and 14
years and had ferer of 3-8 wecks, d with

sccond was incubated with 100 m31 sodsum meta-
peniodate for 1h at room temperature and the

diacthoea, hizh cosinophilia and palpable tender
livers. The length of fever is consistent with 2ll the
patients being infected 8-13 weeks prior to scrum
collection.

Thirtcen patients from rural communities had a

- d activc infe of at Jeast 3 years.
They were all excreting eggs in their facces and
ranged 1n age between 10 and 24 years. Precise age
matching of the two groups of patients was not
feasible since acute infection tends to occur 1n
younger pati and | with d d
infection of at least 3 years of the same ages were not
available,

Pools of the acute and chromic serz were con-
strudded by mixing equal 501 samples of each
serum. The serum pools were also stored at —20°C

Normal sera were obtamned from healthy lab-
oratory workers at NAMBU 3, Carro.

Antigen deteciion assays

Mcasurement of :nnbod) binding to intact and

d by the addition of ethylene glycol
at a final concentration of 100 ms1. The third was
diluted with PBS to give the same final protein
concentration as the treated antigens. The treates
antigens were dulysed overnight against PBS at
4°C. For absorption each antigen was incubated
overmght at 4 °C with an equal volume of antibody
The paruculate antigen was then removed by
centrifugation at 12000 g for 10 min and the super-
natant fraction used for iImmunoprecipitation

RESULTS

of "Wl.sch lum sur-
face antigens was undertalen with sera from inde-
viduals diagnosed as beingt acutely or chronically
mfected with S, mansont (Fig 1A and B) Both sets
of sera produced vanable f of labelled
protetns of .V, 15-20K and 60-100K The major
fcatutes of the precipitation profiles, however, were
the M, > 200, 38 and 32K antigens. The chronic
sera consistently exhibited an intense precipitation
of both the .M, 38 and 32K anugens, whereas the

sodium p treated sch la was
dertahen cxactly as desciibed previously (Omer
12y

Als et al. 1986) using '®[-proten A (Sigma) or

of these was more sariable
amongu the acute sera Four acute sera preferentially
precipitated the M, 38K antigen and onc contained
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Fig. 1.(A) |

no detectable 1gG antibody against either of these
twoantigens. Allthe sera tested d antibod,

P i of 1Bf.sch tum surface antigens with antibodies from individual
patients with acute schistosomasis. N, precipitation with normal human serum (B) Immunoprecipstation of
¥ .schistosomulum surface antigens with antibodies from individual patients with chromc schistosomasts
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This method of quantitation was 1ed to control for
bl

against the M, > 200K antigen. However, the pre-
cipitation of this antigen Ly the acute sera was
relatively mote intense. Quantitaine analysis of the

i sanations 1n the amount of antibody or
radio-1sotope labelleC protein in individual precipr-
tations The p of total pr consti-

tuted by the M, > 200K and the M, 38 and 32K

was
the autotadiographs of the gels w th a Joyce-Lobel
densitometer. The relative intensity of smmuno-

bined is shown in Table T Comparnson
of the results by Student’s £ test demonstrated that
precipitation of the M, > 200K antigen constituted a

preaipitation of individual bands was calculated as a
percentage of the total precipitation i cach lane.

1y greater pe of the total pre-
cipitatton 1n the acute sera than in the chronic sera
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Fig. 2(A) I p of "B1.sch lum sutface antigens with antibodics from sera pooled

from patsents with acute schistosomiasis and the effect of absorption wath whole exz homogenate 4, Intact
acuie serum (difuted wath PBS to control for the dilution that occurs dunnz absorption, sce Materials and
Methods secton); b, acute serum absorbed with intact whole egz homogenate, ¢, acute serum absorbed with
homogenate dizested with protanase K and boiled, d, acute serum absorbed with homogenate treated with
sodium metapeniodate; ¢, normal human serum. (B} i of *].schis lum sarface
anugms with antibodies. fmm sera pooled from patients wath chronic schistosomrasis and the effect of

f with whole ez h a, Normal human serum, b, mtact chroruc serum (difuted with PBS
10 contrel for the drlution that occurs dunng absorption, see Matenals and Methods section), ¢, chronic serum
absorbed wath intact homogenate, d, chronic serum absorbed with homogenate digested with proteinase K
and Boded, ¢, chromc scrum absorbed with homoznemate trezted with sodium metapeniodate

Table 1 Statitical analysis of the relatne Invels of to the epitop 1 on the p 7
immunoprecipitation of the M, > 200K and M, h tum sutface of M, > 200, 38

38/32K sch lum surface

by

antibodies 1n the sera of patients with acute and
chronic schistosomiasis

{The values for the mmunoprecipitation of the antigens
b

and 32K werc assessed by absorptior expeniments
using serum pools. Absorption of the acute serum
pool with a schistosome egg homogenate greatly
reduced its abilty to precipitate the "1 surface

(Fig. 27) P of the egg homo-

were d by dviding the ab:
to cach antigen band on the autoradiograph shown in Fig
1, by the total absorbance for all bands n the smmuno-

preapitate )

Pauent type Number ¥, >200K M, 38/32K
Acute 1’ 4074213 4244158
Chronie 13 134241 490154
Sigmificance tem 452 1=12

P <0001 P o\

The M, 38and 32K anugens, on the other hand, did
not a proportion of
the total precipitation 1n the two groups of patients

The cross-reactinity between life-cycle sta es and
the contnibution of catbohydrate and polypeptide

genate by boihing and digestion with protemnase K, to
destroy polypeptide epitopes, did notaffect ats ability
to abeorb anti-Vf, > 200K antibody but did reduce
1ts ability to absorb anti-M, 38 and 32K antibody
P of the h with peniodate, on
the other hand, prevented the absorption of the ants-
M, > 200K anubody but not the anu-M, 38 and .
32K antibodies Thus the anu-M, > 200K anubody
1n the acute serum pool s directed against periodate
sensitive, protease insensitine epitopes which are
shared with the schistosome egg Theanu-34, 38 and
32K anubodies, on the other hand, are directed
agamst periodate insensitive, protease sensitive poly-
peptide epstopes

Absorption of the chronic serum pool with egg
h only fted in a red n the




Schisismwealum surface cpitopes

M,x‘lb"

>200—

20~

Fig. 3. 1 g of B.sch I
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surface antigens with antibodics from sera pooled from

patients with acute and chronic schistosoniass and the effect of absorption with whole adult worm
homogenate. a, Normal human serum; 3, intact chronic serum (dituted with PBS to control for the d.lution
that occurs duning absorption, see Materals and Methods section); ¢, chronic serum absorbed wath intact

homogenate, d, chronic serum absorbed with b

digested wath K and boiled, ¢, chronsc

serum absorbed with homogenate treated with sodium metapenodate, £, mmtact acute serum {diluted with PBS
1o control for the dilation that occurs during absorption); g, acute serum absotbed with intzct homogenate,
k, acute serum absorbed with homogenate higested with proteinsse K and boiled, 1, acute serum absorbed

with homozenate treated with sodium metaperiodate,

relatnely weak precipitation of the VM, > 200K
antibody (F.g 2B). As with the acute terum pocl
this absorption was abolished by pre-traatment of
the eggr homogenate waith periodate. The-e was no
other reduction of precipitation ‘This indicated that
whereas anti-egg antibody contributed the majonty
of the anti.schistosomulum susface IgG in the acute
serum pool it made a hmble contnb to

smmunoprecipitation of '#l.surface anugens thus
demonstrated that the M, > 200K antigen 1s the
principal target of egg-crossereactive anti-carbo-
hydrate antibody 1n the patients examined and that
there 1s a ficantly greater prop of ants-
surface antibody directed agamst this antigen in the
sera of acute patients thin chronic patients. If the

surface recogmtion n the chronic scrum poo!
Absorption expenments were also uncertahen
using an adult worm homogenate (Fig .) Ab-
sorpion of the chronmic serum pool completely
abrogated its ability to immunoprecipitate s:histo-
somulum surface anhigens. Boiling and p

7 recogmzed on this antigen are exposed on
thesch surface and asignificant
proportion of the total surface epitopes as they have
been shown to do usmg mouse sera (Omer Al e al.
1986, 1988), a signsficant chfference in the binding of
the serum pools to whole schistosomula would be

treatment, but not pertodate treatment, prevented
the absorption of anti-3, 38 and 32K antibodv,
demonstrating that these were entitely direcied at
polypeptide epitopes. Ab of the acute serum
pool with the adult homogenate did not atsorb
antibody to the M, > 200K antigen althougl the
preciptation of the M, 38 and 32K was abolished As
m previous expenments absorption of these .nti-
bodics was prevented by protease but not periodate
treatment

The analysis of surface antigen recogmition by

predicted To test this p binding assays to
whole sch la were undertaken The binding
of the acute serum pool to intact schistosomula was
found to be approximately 8-fold higher than that of
the chronic pool This high level of binding of the
acute serum pool was reduced by 83 % by absorption
with egy homogenate (Fig 4) In contrast, no
change in the level of binding of the chronic serum
pool was detectable A similar reduction 1n binding
of the acute serum pool resulted from the pre-

of the sch fa with sodium meta-
peniodate which did not alter the level of binding

o e ot n e e n e
[

o

oy v
6 ebm o0

R

[ UTNI o




-

P.Omer Ali and others

W7 M

120

8

8

2

Cpmy1000 schistosomula (x 107
& 3
A

g

€
Acte Chronuc KHS

Fiz 4 The binding of antibodics from sera pooled from
patients with acute and chronic schistosomiasis to the
sutface of sch la, Hatched bars

binding of antibody absorbed with whole egg
homogenate. NHS = normal human serum. Each serum
pool was used at a 1/10 dilution Each bar 1s the average
of duplicates

cvhibited by the chromec pool (Fig 5) In this
expenment protein-G, which binds to all human
TG subclasses v.as used to exclude the possibility of
significant lex els of anti-catbohy drate 1eG, antibody
1n the sera of the chrenic patients which would not
be recognized by protein.A

DISCUSSION

It has been d. d here that antibodies from
Egyptian patients both acutely and chronically
infected wath S, manson: bind to the schistosomulum
sutface and surface
I F of B.sch fum sur-
face with indvidual sera d d that
all those tested contained antibodies against the
M, > 200K antigen However, quantitative analysis
of xhc mmunoprccupmuons revealed that there was
2 duffe in the relative
intensity of prcc:pnanon of the 3, > 200K anugen
by antibodies 1n the acute sera (han antibodies in the
chronic sera This indicated that there s more anti-
M, > 200K antibody 1n acute sera than m chromic
sera,

All the chronic sera and the majonty of the acute
sera were also able to precipitate the M, 38 and 32K
antigens, Although the M, 38 and 32K antigens were

422
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Cpm/1000 sehistosomula (x 10%)
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Fig. 5. The binding of anupodies from sera pooled from
patients with acute and chronic schistosomiasss to the

surface of schi la as d with '] A
=nd '“l—proltm G. Bars nurkcd 10, represent binding
fol of with sodium

metaperiodate, NHS & normal human serum Each
serum pool was used at a 1/10 dilution, Fach bar is the
average of duphcates

not precipitated by all the acute sera the statstical
anzlysis revealed that there was no sigmficant
difference between the two groups Indeed the
consistency of precipitation of the M, 38 and 32K
antigens 1s stoking both by antibodies from the
chronically infected patrents included 1n the pre<ent
study and from infected individuals in endemic areas
of St Lucia (Simpson et al, 1986) and Braz:l (Dissous
et al, 1984) It s clear that the recogmtion of these
two antigens contrasts that of the majonty of
antigenic polypeptides gencrated by the celi-free
translaion of MRNA where the recogmtion of
mdnidual proteins vanes greatly between sera
(Butterworth ef al 1985; Simpeon et of 1986,
Newport et al 1988), Indeed, 1n this study, the
immunoprecipitation of the M, 20K antigen as well
as minor antigens of M, 40-100K were inconsistently
precipitated by the individual sera

The chemical nature and hfe-cycle stage cross-
reactinity of the epitopes on theM, > 200, 38 and
32K antigens were exanmined using separate serum
pools constructed fron the acute and chrons sera It
was thus demonstrated that the M, > 200K antigen
was recogmzed via carbohydrate epitopes which
could be absorbed with an egg homogenate In
contrast, antibody to the V/, 38 and 32K antigens
was found to be against polypeptide epitopes that
could be absorbed with an adutt worm homogenate
In the case of the acute serum pool, but not th.
chronic serum pool, there was also an apparent
¢ of recognized on the M, 38
and 32K antigens with the ezg Thus there may be
tow levels of these antigens present in the egg which
were sufficient to absorb the anti-M, 38 and 32k

rm———
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Schixtosomulum surfoce epitopes

antibody from the acute serum pool but not from the
chronic serum pool. It is possible, however, that the
apparent absorption is duc to proteolytic activity
2sseciated with the egg b which degrad:

423

carbohy dratc epitop Tuding those exp don

the M, > 200K antigen have been detected 3n mice
12-13 weeks after infection (Omer Als ¢f ol. 1986).

the toner level of antibody to the 3, 38 and 32K
antigens m the acute serum pool but is not sufficient

Addi anti-poly peptide antibodies specific for
the M, 38 and 32K antigens has e been found both in
infected mice and mice vacanated with hghly

to Jdtcubl) reduce the higher levels of 2ntibodi
2zainst other The red in
as 2 result of digestion with proteinase K and boiling
is consi: with this hypothesis

The principal find l’romlhc i
tation npenmtnts are the following. (1) There arc
different lexels of IgG to the M, > 200K anngcn m

the sera of the acute and chmmc

. -

diated (Omer Al et al. 1989). Thus
there are strong similaritics between the anu-
h lum surface bod, m mzn
and the mouse model.
Murine monoclonal antibodics specific for carbo-
hydrate epitopes on the M, > 200, 38 and 17K
antigens as well as 2 monoclonal antibody aganst a

bohvd

(2) The cpitopes recognized on the M, > 200K
antigen are dependent on carbohy drate moieties that
are cfoss-rndl\t\\ixh(hc schustosome egg. (3) There
are no significantly different levels of anti-M, 38
and 32K anuibody in the sera of the acute and
chronic p lthough the level of antibodics to
these antigens 1s more vanable in the acute sera and,
asaresult, they are found ata lower level in the acute
pool, () The cpitopes on the 38 and 32K antizens
recognized by human sera are polypeptide and are
strongly cross-reactive with the zdult worm but
weakly, if at all, with the egg. These findings are
consistent with egg-cross-reactin e ants-catbohy drate
body maling a fi ly greater
to anti-sch surface antibody 1n the sera
of acute patients than 1n the sera of chronic patients,

y epitope on the M, 32K antigen
hasve all been found to passinely transfer resistance
(Omer Al ef al. 1988) Thus it 1s possible that the
human antibodies descnbed in this paper may
mediate immune kilhng inman However, resistance
to remnfection develops slowly after imtial nfection
(Butterworth & Hagan, 1987) and it 1s reasonable to
postulate that persistent rather than transient early
responses are more §thely to contnbute to protectine
mmunity 1in man Based on the findings in the
present study, uung a small number of sera, the anti-
polypeptide antibodies directed agamst the M, 38
and 32K antigens rather than the anti-carbohydrate
antibodies directed against the M, > 200K antigen
are more likely to contribute to protective immunity
inman Nevertheless, the finding that these antigens
are also recognized by acute patients 1z consistent

This was indeed demonstrated by surface-binding with the hypoth that 11} € re-
expenments using sera pooled from the two patient  sponses are blochd carly n mfccuon (possibly by
b of  anu-carbohydrat b dby Butter-

types  These d 4 that p
lhe serawithegg homogcnalc or pre-treatment of the
fum surface with p date both greatly
reduced the binding of the acu:e serum pool but did
not alter the binding of the chronic serum pool
These experiments demonstrate, that the corre-
lations between human ant:body levels to carbo.
hydrate epitopes extracted from the schistosomulum
and the egg as well as between antibody levels to non-
carbohydrate epitopes estracted from the schisto-
somulum and the adult worm (Dunne ez ol 1988)
can be accounted for by the recogmtion of cross-
reacting epitopes, and that at lcast some of the
epitopes 1n question are exposed on the schisto-
somulum sutface and establish the polypeptide
nature of epitopes previously defined as ‘non-
carbohydrate’ (Omer Al et ol 1986, 1988; Dunne et
al 1988) 'The findings are also conststent with the
observation of Dunne and his colleagues that anti-
cgg and anti-carbohydrate IgG both decline with age
and thas, by mference, with Jongevity of :nfection
‘They are also in agreement with the work of
Gazzinelh and colleagues (Gazzinelli et al 1985)
who demonstrated higher levels of anti-egg antibody
10 acute than in chronic schistosomiasis patients in
Brazil
A strong 12G response to schistosomulum surface

worth and colleagues (see Butterworth & Hagan,
1987) It 1s also possibie that there are differences in
antibody 1sotype or affinity in the anu-M, 38 and
32K IgG response, dunng the course of infection,
both of which have not been measured 1n the present
work

We thank Frona Hackett for providing the parasite matenal
used in this study This work was supported in part by a
grant from the US Naval Medical Research and De-
velopment Command, Bethesda, MD, work unit No
3MI61102B85K3-AKME  The opintons and assertions
contamned herein are the private ones of the authors and are
not to be construed as official or as reflecting the views of
the Navy Department or the Naval Service at large
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